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Edited by Berend WieringaAbstract The zyxin family of proteins consists of ﬁve members,
ajuba, LIMD1, LPP, TRIP6 and zyxin, which localize at cell
adhesion sites and shuttle to the nucleus. Previously, we estab-
lished that LPP interacts with the tumor suppressor Scrib, a
member of the leucine-rich repeat and PDZ (LAP) family of
proteins. Here, we demonstrate that Scrib also interacts with
TRIP6, but not with zyxin, ajuba, or LIMD1. We show that
TRIP6 directly binds to the third PDZ domain of Scrib via its
carboxy-terminus. Both proteins localize in cell–cell contacts
but are not responsible to target each other to these structures.
In the course of our experiments, we also characterized the nu-
clear export signal of human TRIP6, and show that LIMD1 is
localized in focal adhesions. The binding between two of zyxins
family members and Scrib links Scrib to a communication path-
way between cell–cell contacts and the nucleus, and implicates
these zyxin family members in Scrib-associated functions.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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KIAA01471. Introduction
At sites of cell adhesion, an increasing number of proteins
not only performs structural tasks, such as sustaining cell
shape, but is also involved in signaling events. A family of pro-
teins that may operate as such is the zyxin family of LIM do-
main proteins. Members of this family localize at sites of cell
adhesion, such as focal contacts, which are membrane attach-
ment sites to the extracellular matrix, and cell–cell contacts.
However, apart from this localization in cell adhesion sites,
these proteins also transiently localize in the nucleus [1–5].
The zyxin family consists of ﬁve members: zyxin [6], TRIP6
(thyroid receptor interacting protein 6) [7], LPP (lipoma pre-Abbreviations: GFP, green ﬂuorescent protein; GST, glutathione
S-transferase; LAP, leucine-rich repeat and PDZ; LIMD1, LIMdomain
containing 1; LPP, lipoma preferred partner; LRR, leucine-rich repeat;
NES, nuclear export signal; PBS, phosphate buﬀered saline; PDZ, PSD-
95/discs-large/ZO-1; TRIP6, thyroid receptor interacting protein 6
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doi:10.1016/j.febslet.2005.08.012ferred partner) [8], ajuba [9] and LIMD1 (LIM domain con-
taining 1) [10]. A recent study of the Drosophila genome
sequence indicates that zyxin, LPP, and TRIP6 form one para-
logous group in vertebrates that is represented by the zyx102
protein in the fruit ﬂy, while ajuba and LIMD1 form another
group that is represented by the CG11063 protein (Fig. 1) [11].
All family members share a similar organization having three
LIM domains (zinc-ﬁnger protein interaction domains) at their
carboxy-terminus, which is preceded by a proline-rich pre-
LIM region containing a number of protein interaction do-
mains. While all family members have a high degree of amino
acid similarity in their LIM domains, their pre-LIM regions
are quite divergent. Because of their structural features and
their characteristic to shuttle between the nucleus and the cyto-
plasm, zyxin family members have been proposed to be scaf-
folding proteins involved in signal transduction from sites of
cell adhesion to the nucleus.
In a previous study, we identiﬁed the tumor suppressor Scrib
as an interaction partner of one of zyxins family members,
LPP [12]. Scrib is a member of the LAP (LRR (leucine-rich re-
peat) and PDZ (PSD-95/discs-large/ZO-1)) family of mem-
brane-associated proteins [13], which consists of four
members: Densin-180, Erbin, Lano, and Scrib [14–17]. LAP
proteins contain a set of LRRs at their amino-terminus, and
four (Scrib), one (Erbin, Densin-180) or no (Lano) copies of
the PDZ domain. A speciﬁc characteristic of these proteins
are the LAP-speciﬁc domains (LAPSa and b), which are lo-
cated carboxy-terminally of the LRRs [18]. LPP binds to the
PDZ domains of Scrib via its C-terminus. Little information
is available at the moment about the function of Scrib. Relat-
ing to the control of cell polarity and proliferation, Scrib is a
functional homologue of the Drosophila scribble protein [19].
Polarity defects [20] and tumorous overgrowth in Scribble-
mutant ﬂies [21] are rescued by Scrib predicting an important
role for Scrib in the suppression of mammalian tumorigenesis.
This hypothesis is further supported by the ﬁnding that high-
risk papilloma virus E6 proteins direct Scrib for degradation
by directly binding to the PDZ-domains of Scrib [17,22].
Here, we report about the diﬀerential interaction between
Scrib and members of the zyxin family. We found that Scrib,
besides with LPP, also selectively interacts with TRIP6, but
not with zyxin, ajuba or LIMD1. The binding between Scrib
and TRIP6 is mediated by the third PDZ domain of Scrib
and the C-terminus of TRIP6. Furthermore, we have studied
whether Scrib is involved in the subcellular targeting of TRIP6
to focal adhesions and to cell–cell contacts.blished by Elsevier B.V. All rights reserved.
Fig. 1. Schematic phylogenetic representation of zyxin family mem-
bers with their C-termini and requirements for binding to Scrib-type
PDZ domains. h, hydrophobic amino acid.
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2.1. Plasmid constructs
Constructs expressing wild-type or mutated human zyxin, TRIP6,
ajuba, and LIMD1 as green ﬂuorescent protein (GFP) fusions were
made by cloning the coding regions in the pEGFP-C vectors (Clon-
tech). TRIP6 en zyxin cDNAs, and ajuba and LIMD1 cDNAs were
kindly provided by Mary Beckerle (University of Utah, USA) and
Greg Longmore (Washington University School of Medicine, USA),
respectively. The constructs expressing Xpress-hScrib-mito and
Xpress-hScribdPDZ-mito were described before [12]. Mutations were
made using the QuikChangee site-directed Mutagenesis Kit (Strata-
gene). All synthetic mutations, ligation sites and PCR-ampliﬁed re-
gions were veriﬁed by sequencing.
2.2. Cell culture, stable cell lines and transfections
Cell lines included CV-1 (ATCC CCL-70), HEK293 (ATCC CRL-
1573), 293T (HEK 293 cells expressing SV40 T-antigen), and MDCK
strain II (Dog normal kidney epithelial cells). Cells were grown in
DMEM/F12 (1:1) (Life Technologies, Inc.) supplemented with 10% fe-
tal bovine serum and cultured at 37 C in a humidiﬁed CO2 incubator.
Transient transfections were performed using FuGenee 6 Transfec-
tion Reagent (Roche).
Stable MDCKII cell lines were made expressing wild-type and car-
boxy-terminally mutated human GFP-TRIP6 proteins. Transfection
of MDCK cells was performed using Lipofectamine 2000 Reagent
(Life Technologies). Transfected cells were selected in medium contain-
ing 250 lg/ml G418 (Life Technologies), and resistant colonies were
isolated 10–14 days later. Individual clones were screened for expres-
sion of the GFP fusion proteins by Western blotting using a rabbit
polyclonal anti-GFP antibody (Tebu Bio).
2.3. Mammalian two-hybrid system
Bait- and prey-constructs were made using pM-vectors [23] and the
pSNATCH-vector [24], respectively. 24 h upon seeding, semi-conﬂuent
HEK293 cells on 24-well plates were transiently cotransfected with
100 ng bait-DNA, 100 ng prey-DNA, 250 ng DNA of a luciferase
reporter construct [12] and 50 ng of CMV-b-galactosidase DNA (inter-
nal control for transfection eﬃciency). Cell lysates were prepared
18–24 h after transfection and assayed for luciferase activity as
described previously [1].
2.4. In vitro transcription/translation and GST pull-down assays
All in vitro translation reactions were carried out using the TNT T7
Quick Coupled Transcription/Translation System (Promega). For
GST pull-down assays, bacterial expression constructs were made
using pGEX-5X vectors (Amersham-Pharmacia Biotech) directing
the synthesis of glutathione S-transferase (GST) fusion proteins con-
taining wild-type or mutated forms of human TRIP6. These fusion
proteins were puriﬁed according to manufacturers instructions and
veriﬁed by SDS–PAGE. GST fusion proteins or GST alone, bound
to glutathione–agarose beads, were incubated with in vitro synthesized
[35S] methionine-labeled human Scrib protein (amino acids 616–1490containing all four PDZ domains) (wild-type or mutated) in NENT100
buﬀer (100 mM NaCl, 20 mM Tris–HCl, pH 7.6, 1 mM EDTA, 0.1%
NP-40, protease inhibitors). This mixture was tumbled overnight at
4 C. Subsequently, the beads were washed 5 times in 500 ll NENT100
buﬀer, resuspended in 25 ll SDS–PAGE sample buﬀer. Proteins
were separated by SDS–PAGE and interacting Scrib was detected by
autoradiography.2.5. GFP-ﬂuorescence and indirect immunocytochemistry
CV-1 or 293T cells seeded on glass coverslips, and MDCKII cells
seeded on Transwell-Clear polyester membranes (0.4 lm, Costar)
were ﬁxed in 4% formaldehyde for 20 min at room temperature fol-
lowed by three washes in phosphate buﬀered saline (PBS) containing
0.1 mM CaCl2 and 0.1 mM MgCl2 (PBS
++). For GFP-ﬂuorescence,
slides were mounted in vectashield mounting medium (Vector Labo-
ratories, Inc.) and analyzed on a Zeiss Axiophot ﬂuorescence micro-
scope equipped with an RT slider SPOT camera (Diagnostic
Instruments, Inc.) using SPOT RT Software v3.4, or by confocal
microscopy (MRC-1024 Laser Scanning Confocal Imaging System,
Bio-Rad). Indirect immunocytochemistry was done as described
[12]. Primary antibodies: a rabbit polyclonal anti-GAL4 DNA-bind-
ing domain antibody (Tebu Bio), a monoclonal anti-Xpress antibody
(Life Technologies), and a monoclonal anti-vinculin antibody hVIN-1
(Sigma). Secondary antibodies: ﬂuorescently-tagged Alexa antibodies
(Molecular Probes).3. Results
3.1. Scrib binds to the C-terminus of TRIP6 via its PDZ
domains
In a previous study [12], we identiﬁed Scrib as an interaction
partner of LPP, which is a member of the zyxin family of pro-
teins. The binding between Scrib and LPP is mediated via the
PDZ domains of Scrib and the C-terminus of LPP. The bind-
ing speciﬁcity of PDZ domains to C-termini, which is the typ-
ical mode of interaction of PDZ domains, is critically
determined by the interaction of the residue at position aB1
and the side chain of the 2 residue of the C-terminal ligand
[25,26]. Since all four PDZ domains of Scrib contain a histidine
at position aB1, the carboxy-terminal sequence of Scrib target
proteins is predicted to require a hydrophobic amino acid (h)
at the 0 (carboxy-terminus) position, and a serine (S) or thre-
onine (T) at the 2 position (Fig. 1). When comparing the car-
boxy-terminal tails of all human zyxin family members, we
noticed that, besides LPP, also the carboxy-terminus of TRIP6
theoretically fulﬁls the criteria for binding to the PDZ domains
of Scrib, while the C-termini of zyxin, ajuba and LIMD1 do
not (Fig. 1). This means that, at least in theory, Scrib would
be able to bind to the C-terminus of TRIP6 but not to the
C-terminus of zyxin, ajuba or LIMD1. To evaluate these pre-
dictions experimentally, we ﬁrst performed a mammalian two-
hybrid experiment. We used as baits a C-terminal portion of
all zyxin family members, consisting of the LIM-domains
and the C-terminal tail of the respective proteins. These baits
were designated as follows: pM-TRIP6LT, pM-zyxinLT, pM-
ajubaLT and pM-LIMD1LT. As prey-protein, we used
pSNATCH-hScribPDZ containing a part of the human Scrib
protein (amino acids 669–1233) surrounding all four PDZ-do-
mains. As summarized in Fig. 2A, the interaction between
TRIP6 and Scrib resulted in high levels of luciferase reporter
activity. These high levels were not obtained when using the
baits containing zyxin, ajuba, or LIMD1. These results suggest
that, besides with LPP, Scrib also interacts with TRIP6 but not
with zyxin, ajuba or LIMD1.
Fig. 2. Scrib binds to the C-terminus of TRIP6 via its PDZ domains.
pM-bait- and pSNATCH-prey-constructs were cotransfected into 293
cells in the combination indicated (LT: LIM domains and carboxy-
terminal tail), together with a GAL4-regulated luciferase reporter and
a CMV-b-galactosidase internal control. Cell lysates were assayed for
luciferase activity 18–24 h after transfection. Relative luciferase activ-
ity is reported as the average of three independent duplo experiments
(with standard error).
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two-hybrid assay takes place in the nucleus. For an accurate
performance of this assay, this means that bait- and prey-
proteins should be accumulating in the nucleus. In the above-
described mammalian two-hybrid experiment, where we used
partial bait proteins, all baits, also the ones of zyxin, ajuba
and LIMD1, were well expressed on Western blot and were
accumulating in the nucleus of the cells (results not shown).
In a follow-up experiment, we wanted to conﬁrm the interac-
tion between TRIP6 and Scrib, and to determine the amino
acids in TRIP6 that are critical for its interaction with the
PDZ domains of TRIP6, however, this time using the full
length TRIP6 protein as a bait. Since TRIP6 contains a nucle-
ar export signal (NES) in its pre-LIM region, we had to use
bait-proteins in which this NES had been inactivated.
However, for TRIP6, a NES is only characterized for the
mouse protein [3]. As it was reported for zyxin that it has
one or two NESs depending on the species [27], we wanted
to evaluate ﬁrst whether the NES that had been mapped in
the mouse TRIP6 protein was also the NES of the human pro-
tein. In mouse TRIP6, three leucine residues are critical for nu-
clear export (Fig. 3A). When these residues are mutated into
alanine residues, nuclear export of mouse TRIP6 is abolished[3]. We mutated the corresponding leucine residues in the hu-
man TRIP6 protein into alanine residues in a GFP-hTRIP6WT
fusion (Fig. 3A). Wild-type and mutated proteins were intro-
duced into CV-1 ﬁbroblast cells. While GFP-TRIP6WT, con-
taining full length wild-type human TRIP6 with an intact
NES, was excluded from the nucleus (Fig. 3B, left panel),
GFP-TRIP6dNES, containing full length human TRIP6 with
the above-described leucine-to-alanine mutations, was accu-
mulating in the nucleus (Fig. 3B, right panel). To verify
whether mutation of the NES in human TRIP6 also induced
nuclear accumulation of the bait-protein that was used in the
mammalian two-hybrid assay, we introduced wild-type and
mutated TRIP6-bait-proteins in 293T cells. While pM-
TRIP6WT, containing GAL4-fused full length wild-type hu-
man TRIP6 with an intact NES, was excluded from nuclei
(Fig. 3C, upper panels), pM-TRIP6dNES, containing GAL4-
fused full length human TRIP6 with the above-described leu-
cine-to-alanine mutations, was accumulating in the nuclei of
the cells (Fig. 3C, lower panels). These results indicate that,
not only in mouse but also in human TRIP6, the leucines at
positions 100, 104 and 107 are critical for proper nuclear
export of the protein.
To perform the follow-up two-hybrid experiment, we used as
baits for TRIP6, pM-TRIP6dNES, and pM-TRIP6dNES,T474A
and pM-TRIP6dNES,C476A, which are identical to pM-
TRIP6dNES except for a point mutation to alanine introduced
at threonine474 (position 2) and cysteine476 (position 0),
respectively, the two residues that are theoretically critical
for interaction with the Scrib PDZ domains. pSNATCH-
hScribPDZ was again used as prey. As summarized in
Fig. 2B, the interaction between wild-type full length TRIP6
and the Scrib PDZ domains resulted in high levels of luciferase
reporter activity. These high levels dropped to background
when pM-TRIP6dNES,T474A or pM-TRIP6dNES,C476A were used
as baits. The ‘‘background’’ levels of luciferase that were de-
tected when pM-TRIP6-baits were used in combination with
pSNATCH (empty prey-vector) as prey, are due to the intrin-
sic transcriptional activation activity of the human TRIP6 pro-
tein, as has been shown for mouse TRIP6 [3].
These results indicate that TRIP6 binds to the PDZ domains
of Scrib and that amino acids at position 0 and 2 are critical
for this interaction.
3.2. Scrib interacts with LPP and TRIP6 in vivo but not with
zyxin, ajuba or LIMD1
Evidence for an in vivo interaction between Scrib and
TRIP6 was obtained by performing mitochondrial targeting
experiments. We tested if Scrib was suﬃcient to recruit
TRIP6 to an ectopic location in vivo. The membrane anchor
of the ActA sequence has been shown previously to be suﬃ-
cient to target proteins expressed in mammalian cells to the
surface of mitochondria [28,29]. This ectopic localization al-
lows testing ligand recruitment in vivo. For this purpose,
we generated a chimera named Xpress-hScrib-mito made up
by an Xpress-epitope tag fused to the amino-terminus of hu-
man full length Scrib and linked in frame to the membrane
anchor of the Listeria monocytogenes protein ActA (mito).
CV-1 cells were transiently transfected with Xpress-hScrib-
mito and full length wild-type or carboxy-terminally mutated
TRIP6 GFP-fusions. Cells were labeled with an anti-Xpress
antibody and examined by ﬂuorescence microscopy. As
shown in Fig. 4A, the Xpress-hScrib-mito chimera localized
Fig. 3. Mapping of the NES in human TRIP6. (A) Alignment of a portion of the LPP amino acid sequence with the corresponding sequence in
mouse and human TRIP6. The boxed region in LPP and the boxed leucine residues in mouse TRIP6 were previously shown to be essential for nuclear
export of the respective proteins [1,3]. The boxed leucine residues in human TRIP6 were mutated into alanines in the experiments presented here, and
shown to be part of a unique NES in the human TRIP6 protein. (B) CV-1 ﬁbroblasts were transiently transfected with GFP-hTRIP6 proteins as
indicated. GFP fusions were visualized by epiﬂuorescence microscopy. A focal plane corresponding to the cell body is shown. Insets are focused on
focal adhesions. (C) 293T epithelial cells were transiently transfected with pM-hTRIP6 proteins as indicated. pM-hTRIP6 fusions were stained with
anti-GAL4 antibodies and visualized by epiﬂuorescence microscopy. Nuclei were visualized by staining with DAPI.
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Xpress-hScrib-mito on mitochondria, this recruitment was
abolished when the carboxy-terminus of TRIP6 was mutated
(Fig. 4A).
To investigate the importance of the PDZ domains of Scrib
in this recruitment of TRIP6, we deleted all four PDZ
domains (amino acids 724-1192) from Xpress-hScrib-mito
(= Xpress-hScribdPDZ-mito), and tested whether this PDZ-
less protein still was able to recruit TRIP6 to mitochondria.
As shown in Fig. 4A, lower panels, Xpress-hScribdPDZ-mito
lost its ability to recruit TRIP6 to mitochondria. These
results indicate that the PDZ domains of Scrib are an abso-
lute requirement for its binding to TRIP6.
We next investigated whether the remaining family members
of LPP and TRIP6 could be recruited to Xpress-Scrib-mito-
coated mitochondria. CV-1 cells were cotransfected with
Xpress-hScrib-mito and full length human zyxin, ajuba, and
LIMD1 GFP-fusions respectively. As shown in Fig. 4B, no
recruitment could be detected. Interesting to note here is that
we could easily detect GFP-LIMD1 in, what looked like, focal
adhesions. To ﬁnd out whether GFP-LIMD1 indeed localizes
to focal adhesions, we performed double labeling experiments.
CV-1 cells were transfected with GFP-LIMD1, and labeled
with vinculin antibodies used as a marker for focal adhesions.
As shown in Fig. 5, GFP-LIMD1 indeed colocalized with vin-culin in focal adhesions. To our knowledge, this is a novel ﬁnd-
ing, and taken together with what has been published for zyxin
[6], TRIP6 [30], LPP [1], and ajuba [31,32], this indicates that
all of zyxins family members can localize in focal adhesions.
In conclusion, our results indicate that Scrib selectively
binds to two of zyxins family members, being LPP and
TRIP6, and not to zyxin, ajuba, and LIMD1.
3.3. Direct interaction between the carboxy-terminus of TRIP6
and the PDZ domains of Scrib
To demonstrate the direct interaction between TRIP6 and
Scrib-PDZ domains, we performed GST pull-down experi-
ments. In vitro translated Scrib-PDZ domains were tested for
binding with glutathione beads, which were coupled with
GST-TRIP6-LTWT, GST-TRIP6-LTC476A, or GST alone.
GST-TRIP6-LTWT contains the three LIM domains and the
wild-type carboxy-terminal tail of human TRIP6. GST-
TRIP6-LTC476A is identical to GST-TRIP6-LTWT except for a
point mutation to alanine introduced at cysteine476 (position
0). All GST-fusion proteins as well as GST alone were expressed
well in Escherichia coli (Fig. 6A). As shown in Fig. 6B, Scrib-
PDZ domains interacted speciﬁcally with the wild-type TRIP6
protein but not with its mutated form, GST-TRIP6-LTC476A,
or with GST alone. These results indicate that there is a speciﬁc
and direct interaction between TRIP6 and Scrib.
Fig. 4. Scrib interacts with TRIP6 in vivo but not with zyxin, ajuba or
LIMD1. CV-1 cells were transiently cotransfected with Xpress-hScrib-
mito or Xpress-hScribdPDZ-mito, and GFP-fusions of full length
human TRIP6, zyxin, ajuba, or LIMD1 as indicated. Cells were
stained with an anti-Xpress antibody to detect Xpress-hScrib-mito (left
panels). GFP ﬂuorescence was visualized by epiﬂuorescence micros-
copy (right panels). A focal plane corresponding to mitochondrial
staining is shown.
Fig. 5. LIMD1 localizes in focal adhesions. CV-1 cells were transiently
transfected with GFP-LIMD1, and stained with an anti-vinculin
antibody to detect endogenous vinculin. GFP ﬂuorescence (left panel)
and vinculin staining (right panel) were visualized by epiﬂuorescence
microscopy.
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required for binding to TRIP6, we performed additional
GST pull-down experiments. We mutated the PDZ domains
of Scrib, one at the time, by destroying their carboxylatebinding loop (LGﬁ AE), and tested how eﬃciently these mu-
tated proteins were pulled down by GST-TRIP6-LTWT. From
the results, which are presented in Fig. 6C, we can conclude
that the third PDZ domain of Scrib is required for an eﬃcient
interaction with TRIP6, since binding to GST-TRIP6-LTWT
was almost completely abolished when the carboxylate binding
loop of this PDZ domain was destroyed.
3.4. Scrib is dispensable for targeting TRIP6 to cell–cell
contacts and to focal adhesions
Scrib has been reported to be localized in cell–cell contacts
[19], and also for TRIP6, it was shown that it is localized in
these structures [33]. Previous studies have shown that PDZ
proteins play an important role in the targeting of proteins
to speciﬁc membrane compartments. From our studies [12],
we know that the Scrib protein is expressed in MDCKII cells.
Therefore, we investigated whether Scrib was essential to local-
ize TRIP6 in cell–cell contacts in MDCKII cells. For this, we
made stable MDCKII cell lines expressing wild-type and mu-
tated GFP-coupled forms of the TRIP6 protein, of which the
mutant form is not able to bind anymore to Scrib. If Scrib
would be essential to target TRIP6 to cell–cell contacts, then
wild-type GFP-TRIP6 would be recruited to cell–cell contacts
by the endogenously present Scrib while the mutated GFP-
TRIP6 form, which is not able to bind to Scrib, would not
be recruited to these structures anymore. However, as shown
in Fig. 7 (upper panels), mutated GFP-TRIP6 proteins were
still able to localize in cell–cell contacts in a similar way as their
wild-type GFP-TRIP6 counterparts. These results suggest that
Scrib is not responsible for targeting TRIP6 to cell–cell
contacts.
Since TRIP6 is also localized in focal adhesions, we also inves-
tigated whether Scrib was necessary to target TRIP6 to these
structures. Fromour studies [12], we know that the Scrib protein
is expressed in CV-1 cells. Therefore, we investigated whether
Scrib was essential to localize TRIP6 in focal adhesions in CV-
1 cells. For this, CV-1 cells were transiently transfected with a
construct expressing GFP-TRIP6WT containing full length
wild-type TRIP6, or GFP-TRIP6T474A, which is identical to
GFP-TRIP6WT except for a point mutation replacing threo-
nine474 by alanine, which abolishes binding to Scrib. If Scrib
would be essential to target TRIP6 to focal adhesions, then
wild-type GFP-TRIP6 would be targeted to these structures
by the endogenously present Scrib proteins, while the GFP-
TRIP6T474A mutated form, which is not able to bind to Scrib
anymore, would not be targeted to focal adhesions. However,
as shown in Fig. 7 (lower panels), no diﬀerence in focal adhesion
localization could be detected between wild-type and mutated
Fig. 6. TRIP6 directly interacts with Scrib in vitro. (A) GST-fusion
proteins, as indicated in the ﬁgure, and GST alone were expressed in
E. coli, puriﬁed and analyzed by SDS–PAGE and Coomassie Blue
staining. LT: LIM domains and C-terminal tail. (B) In vitro synthe-
sized [35S] methionine-labeled Scrib was incubated with immobilized
GST or with GST fusion proteins as indicated. After extensive
washing, bound proteins were separated by SDS–PAGE and visualized
by autoradiography. The amount of synthesized protein loaded as a
reference on the gel corresponds to 10% of the input used in each
binding experiment. (C) All four PDZ domains of Scrib (amino acids
616–1490), either wild-type or mutated as indicated, were synthesized
in vitro and [35S] methionine-labeled. These labeled proteins were
incubated with immobilized GST or with GST-TRIP6-LTWT and
allowed to interact over night at 4 C. After extensive washing, bound
proteins were eluted in sample buﬀer, separated by SDS–PAGE and
visualized by autoradiography. The amount of synthesized protein
loaded as a reference on the gel corresponds to 1% of the input used in
each binding experiment.
Fig. 7. Scrib is dispensable for targeting TRIP6 to focal adhesions and
to cell–cell contacts. (upper panels) CV-1 cells were transiently
transfected with GFP-coupled human TRIP6 proteins as indicated.
GFP fusions were visualized by epiﬂuorescence microscopy. (lower
panels) MDCKII cells stably expressing GFP-coupled human TRIP6
proteins as indicated were analyzed for GFP-ﬂuorescence by confocal
microscopy.
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pensable for targeting TRIP6 to focal adhesions.4. Discussion
In a previous study, we found that one of zyxins family
members, LPP, interacts with the tumor suppressor Scrib. In
this study, we report that, of the four remaining zyxin family
members, only TRIP6 also speciﬁcally interacts with Scrib,
and that Scrib does not bind to zyxin, ajuba and LIMD1.We provide evidence that the interaction between TRIP6 and
Scrib is mediated by the carboxy-terminus of TRIP6 and the
third PDZ domain of Scrib. In the course of our studies, we
also have functionally characterized the nuclear export signal
in the human TRIP6 protein, and found that LIMD1 localizes
in focal adhesions.
Most information regarding the function of Scrib comes
from studies in Drosophila melanogaster. Drosophila Scribble
was identiﬁed as being required for the apical conﬁnement of
polarity determinants in epithelia [20]. Mutations in Scribble
cause aberrant cell shapes and loss of the monolayer organiza-
tion in embryonic epithelia. Loss of Scribble function results in
the misdistribution of apical proteins and adherens junctions
to the basolateral cell surface. Subsequent studies in Drosoph-
ila provided evidence that Scribble is a tumor suppressor and
cooperates with two other tumor suppressors, Lethal giant lar-
vae (Lgl) and Discs-large (Dlg) to regulate cell polarity and
growth control [21].
A recent study of the Drosophila genome sequence revealed
that zyxin, LPP and TRIP6 form a paralogous group in verte-
brates that is represented by the zyx102 protein in D. melano-
gaster [11]. Examination of the carboxy-terminal tail (-TSEH)
of the zyx102 protein reveals that it contains a serine at the 2
position and a histidine at the 0 position. Therefore, it is likely
that the zyx102 protein interacts with Scribble, and that this
feature of Scribble/Zyx102-binding was retained in evolution
by LPP and TRIP6 but was lost by zyxin. In this regard, it
is interesting to note that the CG11063 protein, which repre-
sents ajuba and LIMD1 in Drosophila, has a completely diﬀer-
ent carboxy-terminus (-QYMG) that most likely does not bind
to Scribble. If this would be indeed the case, the situation in
Drosophila would be similar to the one in mammalian cells
where we have shown that Scrib does not bind to ajuba and
LIMD1. Follow-up studies are necessary to investigate this
hypothesis and the hypothesis that Scribble binds to Zyx102.
If Scribble indeed binds to Zyx102 then it can be expected that
the Drosophila ancestor of zyxin, LPP and TRIP6 is involved
in one way or another in the above-described Scribble-associ-
ated functions.
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interaction between Scrib and LPP/TRIP6. Our ﬁnding that
Scrib selectively binds to LPP and TRIP6 but not to any of
the other zyxin family members, suggests that LPP and TRIP6
perform a function in cells, which is not carried out by the
other family members. Of all zyxins family members, TRIP6
is the one that has the highest degree of similarity to LPP,
based on sequence comparison. The LIM domains of TRIP6
show 62%, 77% and 79% amino acid identity to the ones of
LPP, and in the proline-rich pre-LIM region, LPP and TRIP6
have two regions in common with high sequence similarity,
which are not present in any of the other family members.
The function of these regions remains to be established but
preliminary evidence from our laboratory suggests that one
of these regions is a protein interaction domain.
Previous studies have demonstrated that PDZ domain pro-
teins play an important role in the targeting of proteins to spe-
ciﬁc subcellular compartments [25]. As shown before, TRIP6 is
localized in focal adhesions and in cell–cell contacts [30,33].
Therefore, we investigated whether Scrib was essential to local-
ize TRIP6 in these structures. However, this appeared not to
be the case. These results are similar to what has been reported
for LPP [12]. Furthermore, as previously demonstrated [12],
the PDZ domains of Scrib are dispensable for its targeting to
cell–cell contacts, implicating that LPP nor TRIP6 play a role
in targeting Scrib to these structures. We have to mention here
that preliminairy experiments from our laboratory (our
unpublished results of mammalian two-hybrid experiments)
suggest that the TRIP6 protein can form homodimers, and
also can interact with the LPP protein, which is endogenously
present in CV-1 cells [31] as well as in MDCKII cells [12], the
two cell lines that were used for the targeting experiments pre-
sented here. At ﬁrst sight, these ﬁndings may complicate the
interpretation of these targeting experiments. Indeed, we con-
clude that Scrib is dispensable for targeting TRIP6 to cell–cell
contacts and focal adhesions, given the fact that mutant
TRIP6 molecules, which are not able to directly bind to Scrib
anymore, are still recruited to these structures. However, be-
cause of the possible homo/hetero-dimerization of the TRIP6
protein, these mutant TRIP6 molecules might still be indirectly
recruited to focal adhesions and cell–cell contacts by Scrib by
binding to their wild-type counterparts, i.e., endogenously
present wild-type TRIP6 and/or LPP molecules. However,
the mitochondrial targeting experiments that are presented
here, argue against this possibility. If mutated TRIP6 proteins,
which are unable to directly bind to Scrib, would be able to be
recruited by Scrib by binding to their endogenously present
wild-type counterparts, these mutants would likely also be re-
cruited by Scrib in the mitochondrial targeting experiments.
Results of these latter experiments, however, suggest that this
is not the case, since mutant TRIP6 molecules were not re-
cruited by Scrib on the mitochondria.
TRIP6 has been reported to bind to two other PDZ domain
containing proteins: the adaptor protein RIL and the protein
tyrosine phosphatase mPTP-BL/hPTP1E [33,34]. Concerning
Scrib, to date, two other proteins have been described that
bind to the PDZ domains of Scrib: the high-risk human papil-
lomavirus E6 protein [17] interacts with the PDZ domains of
human Scrib, whereas the GUKH (guanylate kinase holder)
protein was shown to bind to the PDZ domains of Scribble
at Drosophila synapses [35]. These ﬁndings raise the possibility
that diﬀerent binding partners of the Scrib PDZ domains,including LPP and TRIP6, can compete with each other for
binding to Scrib, and as such play a role in processes in which
Scrib is involved.
As previously described, the binding of LPP to Scrib appears
to be regulated: in mitochondrial targeting experiments it was
noticed that in the majority of the cells, full length LPP was
not recruited by Scrib while a truncated version of the LPP
protein, containing a deletion of the pre-LIM region was
eﬃciently recruited [12]. It was hypothesized that the binding
of LPP to Scrib is regulated by an intra- or intermolecular
interaction of LPP, as a result of which the carboxy-terminal
tail is hidden in such a way that it is not available anymore
for binding to Scrib. These results are in sharp contrast to
the results obtained with full length TRIP6: full length TRIP6
was recruited to Scrib-coated mitochondria in nearly 100% of
the cells examined. These results may suggest that although
both TRIP6 and LPP mainly bind to the third PDZ domain
of Scrib ([12] and results presented here), their interaction with
Scrib might serve a diﬀerent function.
The demonstration that two of zyxins family members,
which shuttle between the nucleus and the cytoplasm, are
present in the same molecular complex as Scrib, links Scrib
to a communication pathway between cell–cell contacts and
the nucleus, and implicates zyxin family members in Scrib-
associated functions.
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